Limited data are available regarding the association between dietary habits and metabolic outcomes in post-menopausal women living in Italy. OBJECTIVE: To investigate the relation between adherence to the Mediterranean diet and prevalence of overweight/obesity, type-2 diabetes, hypertension and dyslipidemias in a sample of post-menopausal women. METHODS: Data on 499 women were extracted from a population-based representative sample collected in Sicily, southern Italy. High adherence to the Mediterranean diet was defined as being in the highest quartile of a score used to calculate the level of adherence in the entire cohort. RESULTS: Only 15.8% (n = 83) of the study sample was found to have high adherence to the Mediterranean diet; these individuals were less likely to be overweight [odds ratio (OR) = 0.52, 95% confidence interval (CI): 0.31-0.86] and obese (OR = 0.38, 95% CI: 0.18-0.78) as well as having dyslipidemias (OR = 0.50, 95% CI: 0.30-0.84). Among individual components of the Mediterranean diet adherence score used, obesity was inversely associated with fruit component, type-2 diabetes with cereals and olive oil, hypertension with fruit and dairy products, dyslipidemias with legumes and dairy products. CONCLUSIONS: Higher adherence to the Mediterranean diet was associated with better metabolic status in post-menopausal women.
Introduction
Metabolic disorders contribute to the highest of proportion of risk factors for a healthy life, playing a role especially among older individuals [1] . Obesity is today a pandemic of gigantic proportion, especially in southern European regions [2] . Type 2 diabetes mellitus, elevated blood pressure and dyslipidemias play a crucial role on cardiovascular disease (CVD) risk [3] . Overall, the burden of metabolic disorders represents a public health issue for the general population due to their impact in determining global disability-adjusted life years [4, 5] . However, some differences between men and women should be pointed out: CVD generally occurs in women ten years later than in men as in premenopausal women the clinical manifestations of CVD (acute myocardial infarction, stroke and sudden death) are relatively rare. On the other hand, in post-menopausal women, the occurrence and severity of CVD dramatically increase, nearly matching the respective risk observed in men. Besides hormonal differences, women may have specific risk factors that may affect their CVD risk, such as hysterectomy, ovariectomy, pre-menstrual syndrome, oral contraception and pregnancy complications such as systemic arterial hypertension, type-2 diabetes mellitus (DM), miscarriage and preterm birth [6] [7] [8] [9] . However, menopause itself is characterized by a change in hormonal activity, which in turn alters metabolic homeostasis and may lead to metabolic imbalance [10] .
In this context, the role of diet has been further investigated, as potential determinant of health in post-menopausal women [11, 12] . There is convincing evidence draft from concordance between randomized controlled trials and meta-analyses of cohort studies showing a decreased risk of cardiovascular disease in individuals more adherent to a Mediterranean diet resembling the traditional dietary pattern compared with those who did not [13, 14] . Despite with some differences between countries, some key points seem to be in common with most varieties of dietary patterns of individuals living in the Mediterranean area, such as the following: a high consumption of plant foods, including fruit and vegetables, but also legumes and nuts; a moderate consumption of dairy products and sea-food; a limited consumption of poultry and red meat, with avoidance of processed meats and sweets; use of extra-virgin olive oil as main source of dietary fats; and moderate consumption of alcohol, mainly red wine, generally during the meals [15] . These characteristics, all-together, provide a pattern of macroand micronutrients, as well as vitamins, phytochemicals and minerals that have been shown to be associated with prolonged lifespan in the general population [16] . Overall, the main benefits seem to affect cardio-metabolic risk factors resulting in a decreased risk of mortality rates among high adherent to this dietary pattern [17] [18] [19] . However, studies conducted in post-menopausal women, which may have different hormonal profile are scarce. The aim of this study was to evaluate the association between adherence to the Mediterranean diet and a pattern of metabolic conditions, including weight status, T2DM, hypertension and dyslipidemias in a sample of post-menopausal women living in Sicily, southern Italy.
Methods

Study population
The MEAL study is an observational study, which aim was to explore the relation between nutritional and lifestyle factors characterizing individuals living in the Mediterranean area. The detailed study protocol has been reported previously [20] . In brief, a random sample of general population, including men and women aged 18 years old and over registered in the records of local general practitioners (GPs), was selected in the urban area of Catania, southern Italy. The theoretical sample size was set at 1500 individuals to provide a specific relative precision of 5% (Type I error, 0.05; Type II error, 0.10), with 70% participation rate. The sampling technique included stratification by municipality area, age, and sex of individuals, and randomization into subgroups, with randomly selected general practitioners being the sampling units, and individuals registered to them comprising the final sample units. The study did not include pregnant women. Women were invited to participate to the study while visiting the outpatient or called whether not reached out. Out of 2,405 individuals invited, the final sample size was 2,044 participants (response rate of 85%).
Data collection
Data have been collected through measurements and structured with trained nurses or dieticians under the supervision of a medical doctor. Information was collected regarding demographic data, including sex, age, latest educational degree achieved, occupation (specifies the character of the most important employment during the year before the investigation) or last occupation before retirement, and marital status. Educational level was divided into the following categories: (i) low (primary/secondary), (ii) medium (high school), and (iii) high (university). Occupational level was divided as (i) unemployed, (ii) low (unskilled/unemployed workers), (iii) medium (partially skilled workers), and (iv) high (skilled workers). Additionally, information on smoking habits, alcohol drinking, and physical activity was recorded. Smoking status was divided into following categories: as (i) non-smoker, (ii) ex-smoker, and (iii) current smoker. Alcohol consumption was categorized as (i) none, (ii) moderate drinker (0.1-12 g/d) and (iii) regular drinker (>12 g/d). Physical activity level was calculated using the International Physical Activity Questionnaires (IPAQ), which included a set of questionnaires (5 domains) investigating the time spent being physically active in the last 7 days: based on the IPAQ guidelines, final scores allows to categorized physical activity level as (i) low, (ii) moderate, and (iii) high.
Dietary assessment and adherence to the Mediterranean diet
Food intake was investigated using a validated food frequency questionnaire (FFQ) [21, 22] . The Mediterranean diet adherence was assessed using an existing score from literature (MEDI-LITE score) [23] . In brief, a scoring system was built weighting all the median (or mean) values for the sample size of each study population and then calculating a mean value of all the weighted medians; thus, two standard deviations were used to determine three different categories of consumption for each food group. For foods, typical of the Mediterranean diet (fruit, vegetables, cereals, legumes and fish), 2 points were given to the highest category of consumption, 1 point for the middle category and 0 point for the lowest category. On the other hand, for food groups not typical of the Mediterranean diet (meat and meat products, dairy products), 2 points were given for the lowest category, 1 point for the middle category and 0 point for the highest category of consumption. Regarding alcohol intake, categories related to the alcohol unit (1 alcohol unit = 12 g of alcohol) were used by giving 2 points to the middle category (1-2 alcohol units/d), 1 point to the lowest category (>1 alcohol unit/d) and 0 point to the highest category of consumption (>2 alcohol units/d). The final adherence score included nine food groups (including olive oil) with a score ranging from 0 point (lowest adherence) to 18 points (highest adherence). Taking into consideration the fact that in our cohort we registered an average high adherence to the Mediterranean diet, we categorized the score as (i) low-to-moderate and (ii) high adherence to the Mediterranean diet, with a cut-off point of ≥15.
Anthropometric measurements and metabolic variables ascertainment
Anthropometric measurements were collected using standardized methods [24] . Height was measured to the nearest 0.5 cm without shoes, with the back square against the wall, eyes looking straight ahead, with a right-angle triangle resting on the scalp and against the wall. Body mass index (BMI) was registered, and patients were divided into under/normal weight (BMI < 25 Kg/m2), overweight (BMI 25 to 29.9 Kg/m2), and obese (BMI > 30 Kg/m2). Waist circumference (centimetres) was measured midway between the 12th rib and the iliac crest and hip circumference (centimetres) around the buttocks, at the level of the maximum extension. Waist-to-hip ratio was also calculated. At the end of the physical examination, arterial blood pressure was measured with subject in sitting position and at least 5 minutes at rest. Blood pressure measurements were performed three times at the right arm relaxed and well supported by a table, with an angle of 45 • from the trunk. A mean of the last two measurements was calculated and considered the analysis. Patients have been considered hypertensive when average systolic/diastolic blood pressure levels were greater or equal to 140/90 mm Hg, taking anti-hypertensive medications, or being previously diagnosed of hypertension. In addition, patients were considered diabetic or dyslipidemic whether previously diagnosed of diabetes and hypercholesterolemia/hypertriglyceridemia, respectively.
Statistical analysis
Frequencies are expressed as numbers and percentages, while continuous variables are expressed as means and standard deviations. Differences between groups were calculated using Chi-square test for categorical variables, while Student's t-test or MannWhitney U-test were used for variables distributed normally and not normally, respectively. Multivariate logistic regression analyses were used in order to test association between background characteristics and the outcomes of interest, adjusted for potential confounding factors, including age, educational status, occupational status, marital status, smoking status, physical activity status, total energy intake (kcal/d).
All P values were based on two-sided tests; significance level was considered as 5%. SPSS 17 (SPSS Inc., Chicago, IL, USA) software was used in order to perform all statistical calculations.
Results
The main background characteristics of the post-menopausal women included in this study is presented in Table 1 . The average age of the participants was 64 years, the majority had low educational and occupational status or were unemployed; half of the sample was married. Regarding cardiovascular risk factors, most of the women were non-smoker, had moderate physical activity level and were moderate alcohol drinkers. Concerning their metabolic status, most of them had hypertension, nearly half were overweight-obese and had dyslipidemias, while 10% had type-2 diabetes. When calculating the adherence score for the Mediterranean dietary pattern and dividing it into quartiles, women in the highest quartile (n = 83) were tested for association with various metabolic outcomes compared to those with lower adherence to this dietary pattern, as shown in Table 2 . Findings from both the uni-and multivariate models were similar, resulting in higher adherence to the Mediterranean diet associated with less likelihood of overweight [odds ratio (OR) = 0.52, 95% confidence interval (CI): 0.31-0.86], obesity (OR = 0.38, 95% CI: 0.18-0.78), and dyslipidemias (OR = 0.50, 95% CI: 0.30-0.84). No further associations with other metabolic conditions were found. However, when the analyses were conducted for individual components of the Mediterranean diet adherence score used, several associations were found: obesity was inversely associated with fruit component, type-2 diabetes with cereals and olive oil, hypertension with fruit and dairy products, dyslipidemias with legumes and dairy products (Table 3 ).
Discussion
In the present study, an inverse association between high adherence to the Mediterranean diet and prevalence of overweight/obesity and dyslipidemias was found in a sample of post-menopausal women living in Sicily, southern Italy. No association with type-2 diabetes and hypertension was revealed.
Studies conducted on post-menopausal women are not numerous and not necessarily reflect the findings referred to the whole general population. In some previous reports conducted on the general population living in Mediterranean islands, similar results regarding the association between high adherence to the Mediterranean diet and weight status have been found [25] [26] [27] . However, the relation between Mediterranean diet and metabolic health in post-menopausal women living in Mediterranean countries has been investigated in previous studies showing generally consistent results: in fact, higher adherence to the Mediterranean diet has been associated with better weight status and lower cardiovascular risk factors, such as blood lipids alteration and hyperuricemia [28] [29] [30] . In addition, an association between adherence to healthy dietary patterns such as the Mediterranean diet and improvement in at least one of the quality of life domains in older adults has been reported [31] . In line with such findings, a recent meta-analysis of seven prospective studies including a total of 11,738 elderly participants and 3874 deaths showed that increment in adherence to the Mediterranean diet was associated with 5% reduced risk of all-cause mortality [32] . Moreover, intervention studies suggested that counseling implementing adherence to a Mediterranean-type diet postmenopausal women living in non-Mediterranean countries (i.e., the United States or the United Kingdom) can favorably influence the diet quality and lipid profile [33] as well as improves microcirculatory vascular function and increases exercise tolerance, especially whether combined with regular moderate physical activity [34] . Interesting, higher adherence to the Mediterranean diet has been proven important also in secondary prevention of CVD, as a diet inspired by the Mediterranean pattern has been found associated with substantial reduction of total mortality of elderly patients after first myocardial infarction [35] .
It may be argued that the Mediterranean diet may be associated with cultural (such as use of specific type of foods), lifestyle (such as eating and sleeping patterns) and even geographical factors (such as high sunlight exposure) characteristics of the Table 2 Odds ratios (ORs) e 95% confidence intervals (CIs) for the association between high adherence to the Mediterranean diet (Q4 vs. Q1-Q3 quartile of the Mediterranean diet adherence score) and metabolic outcomes a Adjusted for total energy intake (kcal/d); b Adjusted for age, educational status, occupational status, marital status, smoking status, physical activity status, total energy intake (kcal/d). Table 3 Odds ratios (ORs) e 95% confidence intervals ( Mediterranean area [36] [37] [38] [39] . Previous studies conducted on the adult population of individuals living in Italy showed that adherence to Mediterranean diet is still high among older individuals, suggesting that dietary habits may have had played an important role on their health status over the lifespan [40] [41] [42] [43] [44] . Moreover, a number of reports conducted in population living outside the Mediterranean shores reported that individuals more adherent to a Mediterranean-type diet were less likely to suffer of metabolic disorders and cardiovascular risk factors [45] [46] [47] . However, an increasing trend over a "Westernization" of the diet has been observed also in the Mediterranean area [48] [49] [50] . In fact, paradoxically, findings on children and adolescents are far less consistent in studies within the Mediterranean area [51] [52] [53] [54] and European investigations reported even higher impact on health in non-Mediterranean children [55] . However, a comprehensive evaluation of existing evidence from cohort studies showed a consistent inverse association between high adherence to the Mediterranean diet and metabolic syndrome occurrence [56] . Thus, biological mechanisms should be accounted for the potential effects of adherence to this dietary pattern and metabolic benefits.
There is no individual component of the diet that can be considered mainly responsible for the associations observed in this and several other studies. However, when our analysis was conducted to test the contribution of single food groups in the association with metabolic outcomes, we found significant results for nearly all foods investigated, despite on different outcomes, suggesting that the overall dietary quality of the Mediterranean dietary pattern may synergistically act toward human health at different levels. For instance, dietary carbohydrates characterizing the Mediterranean diet are provided by (whole) grains and legumes, which together with fruit and vegetable are rich sources of fiber and have been shown to be associated with lower risk of cardiometabolic outcomes [57] [58] [59] [60] . Dietary sources of fats, such as fish, olive oil and nuts, provide mainly unsaturated fatty acids in substitution of saturated and trans-fatty acids, which have been associated with cardio-metabolic health [61, 62] . In addition, dairy products have been reported to be part of a healthy Mediterranean dietary pattern which, together with lower sodium consumption, may ameliorate cardiovascular risk [63, 64] . Moreover, several plant-foods commonly consumed, including those previously listed together with (red) wine, are rich in phytochemicals with antioxidant and anti-inflammatory properties, which may prevent or counteract the subclinical low-grade inflammation occurring with impaired body weight, metabolism, and generally considered the first pathogenic process occurring in cardio-metabolic disorders [65, 66] . Among them, polyphenols have been among the most studied recently and have been associated with decreased risk of mortality (especially from CVD) as well as inversely associated with occurrence of type-2 diabetes, hypertension, and metabolic disorders [67, 68] . In addition, the moderate intake of alcohol has been hypothesized to be positive for cardiovascular health and it has been associated with lower incidence rates of metabolic syndrome features, including obesity, diabetes and hypertension [69] .
Despite of interest, the results presented should be considered in light of some limitations that must be addressed. First, this was a cross-sectional study, thus it is descriptive of prevalence and merely descriptive rather than assessing causal relations. Second, methods used to collect nutrition data, such as FFQs, are affected by limitations, including recall bias, collinearity, may overestimate dietary intakes. Finally, despite the participant of this study were extracted from a representative sample as a whole, the sample of post-menopausal women analyzed in this study may not be representative.
In conclusions, adherence to the Mediterranean diet may be useful for a healthy aging and is associated with better metabolic status in women in post-menopause.
